Journal of Bacteriology and Virology 2016. Vol. 46, No.2 p.108-113

http://dx.doi.org/10.4167/jbv.2016.46.2.108

Research Update (Minireview)
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Genipin, an aglycone derived from geniposide found in Gardenia jasminoides, is known to be an excellent natural
cross-linker, strong apoptosis inducer, and antiviral agent. Although evidence suggests antiviral activity of genipin in

several in vitro viral infection systems, there have been few literatures which review antitumor effects of genipin in a
variety of in vitro/in vivo models of cancers yet. In this review, we present some of the latest findings in the studies of
genipin focusing on antitumor effects and its mechanisms. In brief, genipin inhibits mitochondrial uncoupling protein 2
to increase accumulation of reactive oxygen species, leading to ROS/c-Jun N-terminal kinase-dependent apoptosis of
cancer cells. Genipin also increase tissue inhibitors of metalloproteases (MMP), resulting to decrease activities of MMP-2

which plays a key role in metastasis of cancers. Genipin has shown a biphasic effects on cell death and survival in cancer

cells as many other plant-derived phytochemicals do. Finally we discuss the potential of genipin as a promosing novel

antitumor agent which could be applicable to chemotherapy and/or chemoprevention for cancers.
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INTRODUCTION

X AN T(Gardenia jasminoides Ellisy= Gt 2 o}Fd)
AEB2A BFMYINRubiaceae)dl| &8l AEAEO R,
3] Fo] ¥w ERIE Rk dujzh d™-vh (1). XA
(Gardeniae Fructus)= AP 7-o] 2 o] Aufj2x] 1oj
2 AxIAY #E B B =AE 7] dAAY
A AREeT) X xpe] RS T2 iridoid Al SF5HEQ
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genipin, geniposide, geniposidic acid, gardenoside, genipin-f3-
D-gentiobioside, gardoside, shanzhiside, 10-acetylgeniposide,
deacetylasperulosidic acid methylester, scandoside methylester,
geniposidic acid, 6B-hydroxygeniposide, gardeniside A-C 5-©]
Qar, A AT = crocin, crocetin 5] $1.2.™, monoter-
penoid 7] 3}3HE 2= gardenone, gardendiol 5-°] AT} (1).
o] % genipin, geniposide, gentiobiosidet= T= I} &
A|8FaL, gardenosidegardenosid= AF--o| A 2=, X

b 5] A crocin 2 A Qlrh gk X|x}

N
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el = geniposide 3.0%
z‘ﬂ—.‘,?rgqb 74 o7 zqakgq. (1) GLOE UJ AgO_‘lrzHE o]%_gq

o] 4 gardenoside 1.8% ©]/g©]

=
AL T2 oy o|g=g, IS AT R S
T A e oy e T e s e e e R s
g‘k

glasEe] HaEArt (2,3).

Genipin *|AKGardeniae Fructus) F&20l4 &= A
A= 2 X AN Gardenia jasminoides)2] T}l EAY
3}+= geniposide (iridoid glycoside)25-E] -21%¥ aglycone
o]t}. 1960\, Dierassi C 5] 178 A7|57
magnetic resonance, NMR) &-3-2-4] 7} 81814 {-3fl(chemical
degradation) 28-S E3lA genipin®] 3ETF2E 1T}
ST} (4). Genipin®] 75 (systemic name)<
pyran-4-carboxylic acid, 1,4a-alpha, 5, 7a-alpha-tetrahydro-1-
hydroxy-7-(hydroxymethyl)-methyl estero]™, 3}8-4 - A&
a2 548 o83 2t (1, 4, 5). A, genipind THA,
=&} 4l(collagen), 7] EAKchitosan)oll W3t $-5=3F 7FulA]
(cross-linker)®]t} (6). 53], A3F (mouse)°| A1) LDs= 382
mg/kg®|™, glutaraldehyde 52| th2 A 7l A|FER
o 5Ado] dA3] Yt} 4, genipine U5, dEke
FHF, ksl AR 23 5o vhdek AeEAdol
AT Ao® B QU (3). ol bl gk
genipin®] M| ZAPE 37} R 9™ c-Jun N-terminal
kinase (JINK)ol ot g&ko] o}EEA| 2 (apoptosis)ol] 7]¢]
St Ao g vl B3k genipine P ETE=g o} U
uncoupling protein 2 (UCP2)2] &4 A& F3l &4k
Z(reactive oxygen species, ROS)2] AJAdS 313} INK
o} p38 AAksla A(kinase)e] EAJslE Aokl FSNES
S SAIZIT L BaFEA (7).

2 FAHM= dAA7FA PubMeddll SAE genipin®]
%—Er%—% azsle], oF FHEE AAASR 7]

A

(nuclear

cyclopenta(c)

1. 2t (hepatoma)oll CHEt genipinel &2}
HAAN7HA] genipin®] 7Heell thek ahebatel vhdsto]
29 o]de] =io] LREHIIEH, o] =iEES genipin®

o}EEA] 2 (apoptosis) =9} dA o] oA E I (anti-
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metastasis effect)ol] #3F A5-o]t} 20051 Kim BC 59
AT genipin®l] 23] =¥ A E(hepatoma cell)
o] ofFEA|A= ROS/INK-0]E2] HEFEgol Ao
2 7 Z(mitochondrial signaling pathway)2] &-d3}ol] 23]
nj7jE kAl Barskginl =, IFRAIE ] AlEANE S X
3= genipin A1 HAELS INK E413}= ©]711E NADPH
oxidase-2]&4 ROS AL &3] o]Fo] ;ql: Aoz 3ol
T 8). 20121 Wang N 52 AFEH 2 genipin©l] 2]
3} tissue inhibitor of metalloproteinase (TIMP)-1 & %7}
7} 17kl 7hA| 3E U (hepatocellular carcinoma)oll 4] matrix
metalloproteinase (MMP)-29] €445 olA|slal, xle] 5
2 (metastatic potential)S A3 g} B a3Qlc). o] AT
oA+ genipin®ll 9§+ M| EAE2] A o](hepatocellular
carcinoma metastasis) <A 7] 4 0.2 p38/TIMP-1/MMP-2 Al
T7me] AskE AABIEE 9).

2. MEMe(prostate cancer)0ll CHEH genipine =4}

(o)

AA7HA] genipin®] A HAS ] gk deta e} v
ake] 291 o o] =& Holom, o]59] =
genipin®] A|XEAPE % 523} UCP2 (uncoupling protein
2) a8 A sHof A3 Aotk 20071 Hong HY
59 A7E2 PC3 Izt ¥ hA E(human prostate
cancer cell)| 4] genipin®l] 2|3+ MEAPES {2319, ©]
Il 4 mixed lineage kinase 3 (MLK3)7} ROS%} JNK—Tr
nEZEgobd oRFEA|Z Ato]lE AAsk= w7iAt
TSI o] A= PC3 AHA A A EA}
ﬂ’] gk genipin®] Aol INK s =2E &3}
ROS-9|5d MLK3¢] 24§ el SAldt=
A]A}tﬂt‘r (10). 2015, Yao ML 5] 182 genipin
FFE 77} androgen-H] 0152 A @A ShMIES] oy
Aol $Islo] Gtk AS 5T Z, genipin
drogen-H] 2|2 AP A EA UCP2E A
’%1 /‘ﬂ Y 35 B Hpyruvic acid) T v ES
24F B2~ G Ax(succinate dehydrogenase)]
]7]% s oUA] Al #efskE Als g
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3. 9 (gastric cancer)oll Tt genipinQ &1t

HAA7A genipin®] SISt tlet ota vlel Fas}e]

4% o1ge] yeiol MREHQIEE, olEE genipin®] 919
q

9T Ael, ATAE G BBV 219k 54 o
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Aol gk Aolrt. 2009\, Lee JH 5] A7H2 214
Lol deke FEET 1 AREe] AF el A9
(gastritis)?} <3773 91 H(reverse gastric lesions)2] A<
& wErar Basigle o] A 23k= genipind} §-=
2 Hursolic acid)o] #132] 2158} ool f-8atA Ab
3 4 52 AARBISITE (12). 2015, Ko H 59 <1
2 genipin®] AGS 17t 9194 (human gastric cancer
cell)?l| 4] early growth response (Egr)l/p21 A eHE HAZ2E
oA AESA S A WS B3Itk AGS <!
ZF YAAET=l genipin A 2]5HA p53-H] 2|4 Egrl/p2l
WHS7HE T8l sRoEA om AEAbEe] figs B
asITt (13). BEES] 2015, ¥ FA 0] wAlA Q]
Kang HY 178 9A] genipin®] SNU719 17+ $]9bA|
ol 4] Epstein-Barr virus (EBV)<] Hlo]2|A~52] 2|2/ s) 3
Z(lytic reactivation cycle)E == Al EAALS B
T35k ©]& F3l genipin> EBVE TS SASk=
Frtol Aol Ao EBV-YA 9195 Adllste dF
Al (antitumor agent) A E50] Holk THEH] H 4=
AT AlRFEFATE (14). 20161, Kim IM 59 A7E-&
genipin®] AGS <17F YA =0l A] INK/nuclear factor
erythroid 2-related factor (Nrf)2/antioxidant response element
(ARB) 214 A2E 3l 3}5h4 rofvt 54 (chemo-
preventive property)S WERATIIL H313}¢IT} o] A
M= A5 %9 genipings #23H3S Wl INK/Nrf2/ARE
ASHAG ARE Fiesto], 238 QIR A EF
AGS9] M EAPE(cell death)S WS = ks AL Ho
FAT (15). el e} X RS- EZAPE ] o] T At
E Yehl= 54 il genipine thE AEfE-TE
AMZA, iAoz v =408 A SAlel &t
RIS Hol= spebe ddiAlzA ZHAE A Aom
AMEF

e/

4. XF2ZA S (cervical cancer)0ll CHet genipinel &1}

Genipin®] A}g-¢rell et @At a = genipin®] AZA}
4 Fe g e o] e

th 20101, Cao A% HeLa I3t A5 595 A%
(human cervical carcinoma cell)A] genipin®] INK 2 p53
2ol o=l AEAPES L oS E418H31aL, genipin
o] Ag7g ool gk Alqt FekAl=A JidE 5 9=
7FsdE& AABEIT (16).
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5. ot (leukemia)Ol| CHEt genipinel &4}

HAA7}A] genipin®] Netol] thek eAtayte} dAdste]
23 o] o] =iFo] WA HA oM, o] 52 genipin] UCP2
D Aot AlEAPE 5 Tl ek Aol 20101,
Mailloux RJ 5] SA82 genipin-f-= UCP2 4 A
7F MX2 QIZF =] WS WA E (human promyelocytic
leukemia cell)ol| 4] VFER = 9FAl WIS &<1thar Batst
Stk H3h genipinol] 93+ UCP22] 318t A7} thA
WA (multi-drug resistant) 52| oA S SY F UE
shto] Aol d = ASS ARSI (17). 2011,
Feng Q 52 978 K562 A3F WHH A ¥ (human leu-
kemia cell)®ll A genipin®l] 23l F=d MXAFEO] G2M
arrest B} Al INK D@3} #Ho] 85 Hasiith =,
genipin©] Fas 2]7F=(ligand)®] =} INKS] &3} &
ato] K562 A|3Ee] S5 AAletal MEAPES FEdhs
SHISFATE (18).

6. I 5 (myeloma)oll CHEt genipinel &1}

Genipin®] ¥]5-Qtel] theh 3eta st SA] genipin®] AE
AP e e8I BEE AoR Byl 9ok 20114,
Lee JC 59 78 signal transducer and activator of
transcription (STAT) 39] A& =7} U266 Q7 thit
A FF A *E(human multiple myeloma cell)°l| 4] genipin-
frel AZAFE S j7fgkckar Barsli ek =3 genipin®]
U266 A|3EA] bortezomib, thalidomide, paclitaxel2} -2
3}st Q¥ x| ZA| E(chemotherapeutic agents)@} 7 ] %]
HHE ul, A et AlXEEA &I (cytotoxic effect)
7V oS AAEIT (19).

7. 99 (breast cancer)0ll TSt genipine &1}

Genipin®] fHg9tell thk A9t #= genipin®] UCP2
278 Al B AIE Hol oAlet BA T wHo] lFol
A QT 20114, Avyasamy V 52 AFEHS HEE

=gjo} DNAE AEAA 3T B-1% Warburg effect
E Adse AL Zdihe” AEF)S A%
S, AT FYel Flolehe FHAR T
Q13 TN ET, the” AETF, FLLAAET, F8F
FE Y] FHAAEAES v, 2ARSEGITE o] Aghe
Warburg effect”} UCP2¢l 2J8jA] wi7)= a2, uCcP27}t -4
ol A TpRAE, TS F7181aL, genipin ©] UCP-
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29 £ 53 )%

3z AE BAFAT ().
2012, Kim ES 52 792 genipin®] MDA-MB-231
Z-8/3(infilterating) A7+ LA EANAN MEAPES 5=
g S RlEkGlTh ©] 95 genipin©] ol
oA 9skA)71= 3t
AR A 7S AT (20). 2015,
Pons DG 52 782 genipinoll 2|3+ UCP2 JA]7} 4k
814 2~ E 2 (oxidative stress)E 5 7FAIAA] MCF-7 <l
b - hA 2 (breast cancer cell)E 3FHX] EZﬂ(therapeutic
agent)oll F o WA 953 = 9SS EQlsS
UCP27} skt el Al 215 4 (therapeutic target)ol

==

F R
2 5 0SS AT 1.

1 (metastatic breast cancer)E o
g4 <k

8. H & (lung cancer)d CHEF genipine =2+

Genipin®] #H|&boll el sta v} SA] genipin®] M| EZA}
2} vE T DS IA7E ek 20134, Yang X 52
AFE2 genipin©] A 2|E H1299 AZF H|AAIEA H S
A 3£ (human non-small cell lung cancer cell)*l| 4] p38 mitogen-
activated protein kinase (MAPK)7} W] EZE=2]o}A] A A}
3 A& A A Al(mitochondrial apoptotic signaling cascade)
& B3l AMEAPES RS HAsgith =, genipin©]
p38 MAPK 2l 7ol tst W50 2 Baxo| 55 5
7N A PlEZEZ o] AEZAFE DA Al(mitochondrial
apoptotic signaling cascade)E F313HS 1519131, H1299
A7 HAAEY FHAGAES] ARE 915 s}eta A

(chemotherapeutic agent) 241 2] 715438 A AR (22).

9.

og
or

g s HE genipinl 7|EF ME|EHEIR

Feta dsto] FEE vHeh genipin®] AL
2852+ 38 (antithrombosis) 28, 3% < (antiinflam-
mation) 218 &FSKantioxidation) -8 5-°] It} 20014,
Suzuki Y 59 ATE2 in vivo S Ois AFEA
(mouse thrombosis model)S- ©]-8-3}0] geniposide®} genipin
©] phospholipase (PLA)2 &4 AIE &3l & a3
vrERATh AL BAtEkgITh (23). 2004, Koo HI 59 A+
rbstarga) olEe] §3oEAl da
AN A A2 nitric oxide (NO) 873 A 328, A~ 2HEg
(antiinflammatory action)2 WERATI X35t} o] &
genipin®] FHF a5o] 3| =4 #t)Z(hydroxyl radical)
= AATI Al dBAIA
Aafieh= genipin®] AAe]gdell 7113 AXTSHIAT (24).
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Figure 1. Model for the role of UCP2 in genipin-induced
mitochondrial ROS signaling. Recognition of genipin by receptor
activates JNK, p38 and ERK signaling pathways. Meanwhile, a ROS
signaling pathway is set up. UCP2 is quickly down-regulated in
response to genipin via the JNK and p38 pathways to increase mito-
chondrial ROS production. In this way, mitochondria contribute to
the apoptosis induction and anti-metastasis effect.

20149, Liu L 59 9782 UCP27} # INS-1E ¢l
T M

(insuloma cell line)2} Fi=d AFI el 7 AL
(diabetic mouse islet cell)°l| 4] berberine2] aHAk3s} 1 & =k
< mARHE Baegltt o] ATelAe s XY
A2l gk INS-1E Az} Fied AF el #7 AdAzel
berberine®] AMP-activated protein kinase2} UCP2E &/d3
AA AsA 2Ed s AAg} sl Qlad ]
5 FHsh= As E<lsigitk ¢ genipin®] A2l o]
3} berberine®] HEAINE AHAT]= AR HEFHN
o} (25).
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CONCLUSIONS
AA7EA o] Fd a1z SJshH, genipin®] Wta ol
et AGE5E2 genipins TFFSH AT A g
< W AskE *ﬂE"]'Uéf’Jr 1%% tﬂﬁ% whAskar, o gk
il | k= Aot =,



o e
b =
BT e 22 Alsdd 71948 o83tk 1) genipin

Y AAE At o] viAS (8). 2) genipin
of o3t FAPA|E] AFAPE FEE 913 Aadg-
INK 439} Fas 2]t 25 SalA] Lol (18).
3) genipin®l] &gk FHAA XY M¥EAVE FEE HTt 4l
TGS Bel29] 9 oA 2 Bax9] WHAZ7), caspase-
39] 2Ads), INKe] 2493}, p38 MAPKS] 445 F3llA
doJdt} (20). 4) genipinoll 2] 8+ H AL ] HEAFE
EE 93 As Y p38 MAPKS| 2413}, Baxo] wHd
7k MEFZE oY AEAPE HdgAAe] NS F3l
A Lot} (22). 5) genipinoll 2] 8+ AL L] A EAFE
FE2E 9 215 AL caspase-3 43}, p21E p21-9]
& cyclin®] &3}, HARIAR] Egrl o] 843} 55 &4
Al dojudt} (13). B4, UCP2 B4 <A s&<] 7
w7 22 AsHd 73S o] &gttt 1) geniping ©
UCP29] 3184 oAl oAU APAEE s)
Al disl W1zkelAl ghek o] UCP2 AA17F FoekA|
oA mEZ=go} U ROS BAS X317 ujio]
(17). 2) genipine ©]-&-3F UCP22] 3}3H4] <A} Ml ¥

4 SRS A8 AU AEE Ak BE

®
i ]ﬁ rfj fu)

£

o e
ox It T H

(clonogenicity) 714, Aym %7}, ROS 357} HEAPE
<7}, A2 &8 (autophagy) 57 & =gt} wEbA
WML A] genipinol] 2]3F UCP2 A= 484 ~E
28 S7HAIAA FEAIET} tamoxifendl] TS W17
Fe ghe} (21). 3) genipinol] ©]eF FhAIE L] UCP2
Az AE ] gF2rke] s g4
A o2 UCP-2 mRNA &9
EaA dojdth (11). AR, ehdol A s
2, At 7170 o]-&-gtt 1) genipin®ll
QA oloAlE 913 Als 92 TIMP-19]

7t MMP-2 &4 934, p38 MAPK A& dee] 24
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px o mEoau o (% Ho B ol 2L
o w B Jf
do o o
E{ U
NS
3 rlo m
12l
fot
2

7hel Ak stol] w3t =oj= F st}
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U AFAERT 3 W] HL 7] AT AES
3kl e AAHolth o] genipin®] AFA3}F A A

oA =} AgAHEe] =9 AFAREelAl HAE 7 A
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Wzsha Q) whebd Flel A genipin®] FokE )
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